AIM To determine efficacy of therapy and behaviour change interventions to increase the level of participation in leisure-time physical activities (LTPAs) and habitual physical activity in children and young people with cerebral palsy.
METHOD Five databases were systematically searched. Included studies were randomized or comparison designs. Methodological quality was assessed with a modified Downs and Black Scale. Quantitative analysis was performed using RevMan 5.3 (The Nordic Cochrane Centre, The Cochrane Collaboration, Copenhagen, Denmark). Intervention components and behaviour change constructs were mapped against (1) the International Classification of Functioning, Disability and Health (ICF) and (2) the Theoretical Domains Framework.
RESULTS Searches yielded 2487 unique articles. Eight studies (nine articles) were included.
Interventions included physical training, activity level training, combined physical training and behaviour change therapy, online behaviour change modules, and context-focused therapy. Study quality varied from moderate to high. There was a small, significant effect of physical activity intervention compared with passive usual care on level of habitual physical activity, of approximately 1000 additional steps per day (standardized mean difference 0.34, 95% confidence interval 0.03-0.66, p=0.030). There was no significant effect on LTPA participation (standardized mean difference 0.40, 95% confidence interval À0.40 to 1.19, p=0.330).
INTERPRETATION Therapy and behaviour change interventions have the potential to increase
LTPA participation of children and young people with cerebral palsy, although there is a need to depart from impairment-focused approaches. Inappropriate selection of outcomes and inadequate reporting of complex interventions are barriers to progress in this field.
Participation is defined as involvement in a life situation as part of the fulfilment of a social role. 1 Participation in leisure activities of one's own choosing is a human right and developmental necessity of all children, 2 which can invoke feelings of inclusion, safety, and well-being for a child in their family, friendships, and wider society. 3 Participation in leisure-time physical activities (LTPAs) provides opportunities for children to develop motor and social skills, and to experience the health benefits of physical activity. 4 Physical activity is defined as any body movement using skeletal muscles that results in energy expenditure (varying continuously between low and high levels). 5 Habitual physical activity (HPA) is physical activity performed during the usual activities of daily living over time (day, week, etc.), varying through periods of rest, work, and leisure. 6 Children and young people with cerebral palsy (CP) compared with typically developing peers have lower levels of HPA by, on average, 2092 kilojoules per 24 hours. 7 A cross-sectional study of 62 children with CP aged 7 to 13 years using activity monitors in free-living conditions found they were less active on the weekend than on weekdays. 8 Children with CP who were more physically active on weekends were more likely to participate in organized sports, 8 which suggests that participation in physical activities may be an important source of HPA for young people with CP.
Children with CP face a greater number of, and different, barriers to accessing and participating in LTPAs than typically developing children. [9] [10] [11] [12] They also participate less often 13 and at a lower intensity 11 than typically developing peers. It is increasingly recognized that many of the barriers to participation in LTPAs for children with CP are contextual in nature, 4, 9, 11, [14] [15] [16] [17] [18] [19] and may not be overcome with improvements in activity capacity or body structures and functions. 20 A single family may experience diverse contextual barriers such as the parent's fear of their child being injured 21 or perceived negative attitudes in the community.
Traditionally, clinicians have set therapy goals for children with CP with respect to impairments in body structures and functions and/or activity limitations. Recently, there has been a push towards setting treatment goals that are directly related to the participation restrictions experienced by the child and their family. 22 Specific models for participation-focused therapy have been postulated. 23, 24 Such models generally represent multimodal intervention approaches (they contain components targeting both impairments/activity limitations and contextual factors), in contrast to unimodal approaches. There is a paucity of clinical trials investigating participation-focused therapy to increase participation for children with CP. A recent, broad-scoping systematic review of therapies for children with CP 22 reported that only 5% of included studies were aimed at increasing some element of community participation, with limited evidence to support the efficacy of those interventions.
Despite differences in the amount of HPA, patterns of HPA are consistent between ambulant young people with CP and their typically developing peers. For example, male children and young people have higher physical activity levels than females and older children respectively. 25 This indicates how more complex behavioural determinants of health are as important in the population of children with CP as they are in the general population. To increase participation of children and young people with CP in LTPAs of their choosing, consideration must be given to techniques designed to modify health behaviours. These include counselling 26 and coaching methods, 23, 27 publichealth-style interventions, and Internet-delivered programmes. 28 Overall there is good evidence to support the use of theories of human behaviour and motivation in explaining exercise and physical activity behaviour across a wide variety of contexts, in both healthy populations and those with chronic diseases. 29 It is not known whether behaviour-changing interventions are effective in increasing HPA and/or participation in LTPA in children and young people with CP. Furthermore, limited information is available about how these interventions may act to change behaviour. The Theoretical Domains Framework (TDF) can be used to explore behaviour change processes within interventions. 30 The revised TDF is an integrative framework of 14 domains containing related behaviour change theories or constructs. 31 Some domains relate to the individual (e.g. knowledge, skills, emotion, beliefs about capabilities), some relate to functions or interventions occurring as part of behaviour change (e.g. goals, intentions, reinforcement), and others relate to environmental factors (e.g. environmental context and resources, social influences). 31 Behaviour-changing techniques or intervention components (e.g. motivational interviewing) can be mapped to one or more TDF domains. 32 The primary aim of this systematic review is to determine the efficacy of therapy and behaviour change interventions aimed at increasing the level of participation in LTPAs in children with CP aged 5 to 18 years, versus any comparison group. Interventions aimed at increasing HPA level are also included because of the strong correlation between this parameter and physical activity participation in children with physical disabilities. 33 The secondary aims of this review are to identify the components of these interventions and explore potential mechanisms of behaviour change.
METHOD
For the search strategy, see Appendix S1 (online supporting information).
Inclusion and exclusion criteria
Studies were required to meet the following criteria for inclusion: (1) a randomized controlled trial (RCT, including waitlist design), controlled-cohort study, controlled crossover design, n≥5 interrupted time series design study, or n≥10 case series with a comparison group and/or period; (2) participants were 50% or above children of school age (5-18y) with 50% or more of them having a confirmed diagnosis of CP; (3) a primary or secondary aim, objective, and/or hypothesis of the experimental intervention was to increase (a) participation frequency, diversity, intensity, and/or duration in LTPA, and/or (b) HPA level; (4) interventions were non-surgical, non-pharmacological, and could be classified as modalities of physiotherapy, occupational therapy, exercise therapy, psychology, behaviour change therapy, counselling, or public health; (5) reported outcomes included measures of community sports, active leisure, or active recreation participation frequency, diversity, intensity, and/or duration, and/or HPA.
Studies were excluded if (1) they were not published in English (fewer than five identified) or (2) if it was not possible to extract information about LTPA participation. For study selection, data extraction, and analysis see Appendix S1.
RESULTS

Data extraction
A total of 2488 unique articles were identified including eight from secondary searches and one from a publication alert. After screening by title and abstract, 89 records met initial criteria and were independently reviewed for inclusion. Protocol papers and additional outcomes papers were then sought for included articles where available. Nine studies, comprising 10 articles, 28, [34] [35] [36] [37] [38] [39] [40] [41] [42] two protocol papers, 26, 43 and one additional outcome paper, 44 were included. Seven studies were RCTs, 28, 34, [37] [38] [39] [40] [41] [42] one was a case-control design, 35 and the remaining an interrupted
What this paper adds
• Meta-analysis reveals therapy and behaviour change interventions have a modest but clinically insignificant effect on habitual physical activity.
• Interventions targeting physical activity are generally not goal-directed or participation-focused.
• There is no significant effect on intensity/frequency of participation in physical and skill-based activities.
time-series design. 36 Six articles presented data that could be pooled in meta-analyses (Fig. S1 , online supporting information). 28, 34, 37, [39] [40] [41] Participant and study characteristics
The nine studies incorporated a total of 377 participants. All but one participant had a diagnosis of CP and most were described as having a spastic motor type and were classified at Gross Motor Function Classification System (GMFCS) levels I to III. Participants were between 7 years and 22 years of age (range of means 9y 6mo-18y 4mo) and most were male (range 53-83%, Table SI [online supporting information]). 28, [34] [35] [36] [37] [38] [39] [40] 42 Interventions aimed at increasing participation in LTPAs and/or HPA level included physical training (four studies, n=156); 34, 38, 41, 42 activitylevel training interventions (two studies, n=125);
35,37 a combined physical training and behaviour change intervention (one study, n=49); 39, 40 an online behaviour change intervention (one study, n=41);
28 and context-focused therapy (one study, n=6). 36 Physical training interventions utilized resistance, anaerobic, and aerobic exercise training alone or in combination. 34, 38, 41, 42 Activity level training involved the practice of specific skills (e.g. jumping, throwing, reaching, or squatting) in a one-one setting 35 or videogame format. 37 Interventions were delivered in community, 34, 35 home, 28, 37 and school contexts, 38, 41, 42 with two interventions applied in more than one context. 36, 39, 40 Interventions were delivered by either a physiotherapist 34, 35, [39] [40] [41] [42] or an occupational therapist, 36 were self/participant-directed with 37 or without 28 additional support, or were not described. 38 Intervention length varied from 4 to 39 weeks, intensity ranged from one to six sessions per week, and duration of sessions ranged from 30 to 60 minutes. Dosage parameters were described more often for physical or activity-level training 34, 35, [37] [38] [39] [40] [41] [42] than for behaviour-changing or context-focused therapy. 28, 36, 39, 40 Six included RCTs 28, 34, [37] [38] [39] [40] [41] and the single case-control study 35 described 'usual care' controls consisting of varying therapy contact. Of these, only one described the control condition in similar detail to the research intervention. 38 One RCT described an alternative treatment control condition consisting of sedentary activities (such as craft and social conversation) in a group setting. 42 The structure and content of intervention and control conditions are summarized in Table SII 35, 37 using activity-level training consisted primarily of impairment-focused approaches to behaviour change ('skills' practice). Context-focused and explicitly described behaviour changing components of the remaining interventions were mapped to various other TDF domains (Table SIII, online supporting information) .
Methodological quality, adverse events
Six studies (all RCTs) 28, 34, 37, [39] [40] [41] [42] had moderate to high methodological quality (score ≥21), and three studies (two non-RCTs and one RCT) 35, 36, 38 had weak methodological quality (score 15-16, Table SI ). Adequate power to detect statistical significance was not achieved (or mentioned) in five studies. 28, 35, 36, 38, 42 In six studies, raters were blinded to the primary outcomes. 28, 34, [39] [40] [41] [42] Five studies used concealed allocation. 28, 37, [39] [40] [41] [42] Seven studies reported adequate adherence with the research intervention. [36] [37] [38] [39] [40] [41] [42] 45 Six studies adequately adjusted for confounding variables and loss to follow-up in analysis. 28, 34, 37, [39] [40] [41] [42] Outcomes for HPA behaviour were unable to be extracted for meta-analysis from two papers, as count outcomes and measures of variability (e.g. standard deviations) were not reported. 35, 42 One study used methods of determining HPA that were incomparable between their intervention and control groups. 38 These data were therefore not included in effect size calculations or meta-analysis.
There were six reported adverse events across all studies including minor musculoskeletal aches (number not reported), 34 minor hip pain in one participant resolving after rest, 40 redness and pain after running into equipment, 42 two falls with no injury, 42 and one broken wrist. 41 
Participation outcomes
Data from two studies of physical training alone 41 or physical training combined with a behaviour change intervention 39 (n=54) compared with usual care control (n=55) had a standardized mean difference (SMD) of 0.40 (95% confidence interval [CI] À0.40 to 1.19, p=0.330; Fig. 1a) for the intensity or frequency of participation in physical activities on the Children's Assessment of Participation and Enjoyment (CAPE). The same interventions had an SMD of 0.65 (95% CI À0.23 to 1.52, p=0.150, Fig. 1b) for intensity or frequency of skill-based activities on the CAPE. Results of studies reporting LTPA participation outcomes are summarized in Table SIV (online supporting information).
HPA level outcomes
Accelerometer data transformed into stride counts across four studies comparing a physical activity intervention (n=98) with usual care control (n=101) 28, 34, 37, 40 had an SMD of 0.21 (95% CI À0.16 to 0.58, p=0.270, Fig. 1c) . A post-hoc subgroup analysis of three studies comparing a physical activity intervention (n=78) with passive usual care control (limited to no therapy, n=81) 28, 34, 37 had an SMD of 0.34 (95% CI 0.03-0.66, p=0.030, Fig. 1c) . The effect size expressed in test units was between 821 (Mitchell et al. 37 ) and 1364 (Maher et al. 28 ) steps per day. Results of studies reporting HPA level outcomes are summarized in Table SV (online supporting information). A funnel plot generated for this analysis demonstrated symmetry in a funnel shape about the mean effect (Fig. S2 , online supporting information).
DISCUSSION
The primary aim of this systematic review and meta-analysis was to determine the efficacy of therapy and behaviour change interventions to increase LTPA participation and/ or HPA level and in children and young people with CP. Nine studies were identified that aimed to increase LTPA participation and/or HPA level. Meta-analysis of three studies 28,34,37 revealed a significant, modest effect of therapy and behaviour change interventions to increase HPA level compared with limited or no therapy. The increase in step count achieved in these studies was insufficient, however, to reach a recommended daily step count for typically developing children of at least 12 000. 25 There was no effect of therapy and behaviour change interventions on increasing participation in physical and skill-based activities.
The secondary aims of the present review were to identify intervention components and explore potential mechanisms for behaviour change. Some studies used a range of intervention components targeted towards multiple ICF Maher et al. 28 Van Wely et al. 40 Mitchell et al. 37 Subtotal (95% CI)
Bania et al. 34 Maher et al. 28 Mitchell et al. 37 Subtotal (95% CI) domains and/or they used a combination of behaviour changing elements. It is not clear whether these multimodal intervention approaches are superior to a unimodal approach. A recent pilot study 46 (not eligible for this review owing to study design and not all participants having set active leisure goals) found that a goal-directed intervention using a multimodal approach contributed substantially towards goal attainment in leisure participation for children and young people with physical disabilities. In a recent systematic review of social participation interventions, goal-directed treatment programmes were generally more effective in increasing social participation. 20 Only one of the nine studies included in the present review used an explicit goal-directed intervention framework for participants. 41 The present review indicates there may be a limited effect of capacity-focused unimodal interventions (without consideration of contextual barriers and facilitators) on increasing LTPA participation in children with CP.
Physical activity is a complex health behaviour. 47 Health behaviours are behaviours (including physical activity, sedentary behaviour, or food choices) that may have a positive or negative impact on a person's global health and well-being. 48 In the present review, only three of nine included studies 28, 39, 40 justified their intervention by using a theory of human behaviour and/or motivation. Physical capacity and HPA level are strongly correlated 49 and physical capacity may have a causative influence on HPA in children with CP. 50 There is a temptation to focus on physical capacity (e.g. practice of skills, activity level training) as a target for rehabilitation to change HPA without consideration of the important roles of behaviour, context, and motivation. Theory-based approaches to the development of behaviour-changing interventions can help to inform the end-user about underlying mechanisms of action and may promote further exploration of the 'active ingredients'. 51 Salient behaviour change domains that are key factors related to physical activity participation in people with a physical disability, 52 such as 'environmental context and resources', and 'beliefs about capabilities', were represented in one-third of the included studies. 28, 36, 39, 40 Self-Determination Theory (SDT) is one influential theory explaining a variety of phenomena associated with human motivation and health behaviours. 53, 54 A recently published review 55 aimed to capture the meaning of LTPA participation for children and young people with physical disabilities. The review identified four key themes: 'fun', 'freedom', 'fulfilment', and 'friendship', which were compared directly to the fulfilment of three basic psychological needs of human beings: autonomy, relatedness, and competence. 53 In climates where these needs are fulfilled, SDT postulates that humans are more intrinsically motivated in goal pursuits (such as for physical activity participation) and are more likely to have better goal performance. 56 Overall there is good evidence to support the use of SDT in explaining physical activity behaviours across a wide variety of contexts. 29 Interventions congruent with SDT have the potential to be effective in increasing HPA. 29 None of the included studies in this review used SDT as a framework for intervention design, content, or outcome measurement. The nature of participation itself presents challenges both to researchers and to clinicians in conceptualization, measurement, and research translation. It has been suggested that participation is multidimensional, consisting (at least), of elements of subjectivity and objectivity that are not directly related. 1, 57 In children with CP and other physical disabilities, aspects of LTPA participation pertaining to intensity, diversity, and type can be heavily influenced by individual preferences, 58, 59 which, in turn, are influenced by factors such as age and sex. 19 Participation can therefore be difficult to compare directly between individuals or with a population norm. 57 The CAPE was the main participation outcome in two studies included in this review; however, it does not have demonstrated responsiveness to change in children with CP. 60 It was also used as a participation outcome in one other included study; however, only overall diversity of participation was reported (not participation in Physical Activities). 42 The fixed item design of the CAPE is not ideal for capturing subtle changes in participation in LTPAs. For example, an individually important increase in the participation frequency of the preferred activity of 'swimming' for one child may be washed out by minimal changes in other items on the scale. Goal-based individualized outcomes, such as the Canadian Occupational Performance Measure, 61 have the potential to capture changes in participation goals that are specific to the individual's preferences and their environment (context). When using the Canadian Occupational Performance Measure to measure participation outcomes, care must be taken to clearly describe an 'attendance' (frequency and/or diversity) or 'involvement' aspect to the goals. Additionally, the participation goals should not reflect activity competence. This is in line with current operationalization of participation and participation-related constructs. 24, 62 There are some limitations to the generalizability and interpretation of the results of this systematic review and meta-analysis. Only one intervention 38 defined the control condition in similar detail to the experimental condition, making it difficult to compare effect size estimates even though risk of bias was moderate to low. There was a lack of consistency in reporting physical activity outcomes across studies. HPA does not have a definable biological marker and is multidimensional. 47 Accelerometers are valid and reliable objective measures of HPA intensity in children with CP who are ambulatory. A limitation of accelerometry, however, is the inability to measure activities such as swimming, which may be an important source of HPA in people with ambulatory activity limitation. Population-and age-specific validation for interpretation of activity levels and the amount of sedentary time has been established in some groups (adolescents at GMFCS levels I-III with spastic CP, 63 children and young people at GMFCS levels I or II with unilateral CP, 64 and children aged 4-5y at GMFCS levels I-V with all types of CP 65 ). More evidence of the responsiveness of accelerometry to complex or behaviour-changing interventions is required in this population.
Accurate and comprehensive reporting of complex interventions is important to ensure repeatability and allow conclusions to be drawn about any active ingredients. 66 A reporting checklist, called the Template for Intervention Description and Replication, 66 is now available for researchers to ensure that their reporting contains the necessary elements for reliable understanding, replication, and/or implementation of their trial intervention. In one study, 41 participation outcomes on the CAPE were presented as change scores and authors were not contacted to provide raw data. This may affect the validity of the meta-analysis on physical and skill-based activity participation outcomes. Selection of appropriate outcome measures, such as goalbased outcomes for participation frequency or involvement and accelerometer-related outcomes for HPA, will ensure that intervention effects can be evaluated and compared.
Publication bias appears to be low given visual inspection of the funnel plot (Fig. S2 ) and the number of outcomes reported with negligible effect sizes (Tables SIV  and SV) , although the number of included studies is too small for certainty. The meta-analyses performed were on a small number of studies with somewhat heterogeneous interventions and weak effects. This reduces the ability of the meta-analyses to give a good estimate or summary of the 'true' intervention effect of therapy and behaviour change interventions on LTPA participation and HPA level. 67 The meta-analyses, however, are useful for examination of trends in the existing data, and to support a direction for further research and analysis 68 (i.e. a shift away from capacity-and skills-focused interventions to improve physical activity behaviour).
One inclusion criterion of this review was an explicit aim, objective, or hypothesis relating to participation and/ or HPA. Most of the included studies had primary aims to increase some element of physical capacity. It is not surprising that effect sizes in participation and HPA domains were not compelling. Participation-focused therapy is proposed to be family-centred, goal-directed, self-determined, and ecological. 24 It also recognizes contextual factors as key determinants of participation. 69 Considering that participation-focused therapy is proposed to be a criterionstandard approach to paediatric rehabilitation, 24 it is imperative to explore its efficacy to increase the participation of children with CP in LTPA.
CONCLUSION
This systematic review and meta-analysis demonstrated no significant effects of therapy and behaviour change interventions in increasing LTPA participation in children and young people with CP. There was a modest but clinically insignificant effect in increasing HPA level. In general, studies were capacity-focused, probably underpowered, and used participation measures that may not be sensitive to detect change.
Mapping of intervention components to the TDF highlighted a focus on intervention techniques that influence skills (e.g. training to increase activity capacity). There was less attention to other salient domains of health behaviour change, such as environmental context and resources (e.g. barrier identification and environmental redesign), goals (e.g. goal-setting), and beliefs about capabilities (e.g. self-reflection and positive role-modelling). The use of a theoretical framework may help to inform the development and evaluation of appropriately targeted interventions to improve participation outcomes of children with CP. 
SUPPORTING INFORMATION
The following additional material may be found online:
Appendix S1: Search strategy, study selection, and study analysis. Figure S1 : Study selection flow diagram. Figure S2 : Funnel plot (risk of bias analysis) for meta-analysis: efficacy of physical activity intervention vs control on number of steps over time. 
